Three-dimensional simulations of pulsed plasma formation in non-equilibrium conditions still represents a significant challenge even for modern supercomputers. The high-resolution time and length scales required to accurately simulate near-atmospheric pressure ionization waves or streamers are on the order of femtosecond and tens of nanometers, respectively. To alleviate some of the most demanding computational requirements, only a 10 degree wedge of a needleplane gap with a 250 micron gap distance is simulated. Regardless, this results in nearly 200 million mesh elements while simultaneously tracking hundreds of millions of computational particles. Simulation time is on the order of many days on 5000 processing cores executed on the Sky Bridge supercomputer at Sandia National Laboratories.
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Here, a state-of-the-art best effort three-dimensional simulation in nitrogen with a helium gas admixture is presented. Helium gas exhibits strong emission in the extreme ultraviolet (EUV) regime that is capable of direct photoionization of the nitrogen molecule. Recent developments in the advanced particle code, Aleph, have allowed for the discrete tracking of photons that can interact with other particles in the simulation domain 1, 2 . As a result, a quantitative study of the role of photoionization in a nitrogen/helium gas discharge is performed by comparing the discharge behavior across varying helium concentrations.
